Purpose: Hearing loss has not received sufficient attention, especially in low-and middleincome countries where more than 80% of the people with hearing loss reside. Little is known about the preference for hearing aids among people with hearing loss in developing countries. The aim of this study is to elicit the preferences for hearing aid attributes among rural Chinese adults with moderate or greater hearing loss and examine how preferences vary across different individual socioeconomic characteristics. Patients and Methods: We interviewed 125 adults in two rural counties in Shandong province in China. A discrete choice experiment (DCE) with eight attributes, comprising outof-pocket (OOP) costs, hearing aid style, effective in quiet settings and noisy settings, feedback (whistling), connectivity, water/sweat resistance and battery life, were employed to examine participants' preference for hearing aids. Mixed logit models were used for the statistical analyses. Results: While OOP costs, effectiveness in quiet settings, water/sweat resistance and battery life were significantly associated with choosing a hearing aid, rural Chinese adults with moderate or greater hearing loss valued effectiveness in noisy settings above other attributes of hearing aids, followed closely by lack of feedback. The preference of the attributes of OOP costs, in the canal hearing aids, effectiveness in noisy settings, connectivity and battery life varied across individual socioeconomic characteristics including sex, marriage, employment, income and education level. Conclusion: Our study supported the view that the development of noise suppression and feedback cancellation systems remained the main challenge for the hearing aid industry. Since OOP costs were also associated with choosing a hearing aid, the policy advice is to improve reimbursements from insurance schemes and/or reduce the costs of hearing aids.
Introduction
With the World Health Assembly's resolution on the prevention of deafness and hearing loss and the Lancet Commission on hearing loss, hearing loss has recently received increased attention. 1, 2 Hearing loss (26 dB or greater hearing threshold) was the fourth global leading cause of years lived with a disability (YLDs) in 2015, 3 and disabling hearing loss (hearing loss greater than 40 dB in the better hearing ear in adults) is the second leading cause of disability worldwide and in China. 4, 5 It is estimated that 466 million people worldwideor over 5% of the world's populationhave disabling hearing loss. 6 According to a 2014-2015 population-based survey in four Chinese provinces, the age standardized prevalence rate of hearing loss was 15.84%, and moderate to profound hearing loss was 5.17% of the population. 7 The prevalence of hearing loss increases with age and thus will surge with a rapid aging in China and around the world. 8 According to the World Health Organization (WHO) report, over 900 million people, or 10% of world's population, will suffer from hearing loss by 2050. 6 Since hearing loss is irreversible for most people, hearing aid fitting is the common intervention, or standard of care, to treat permanent hearing loss. 9 Untreated hearing loss affects an individual's physical and psychological health, 10, 11 and many of them suffered from isolation and stigma and experienced a greater prevalence of unemployment and negative health outcomes. 3, [11] [12] [13] Poor health outcomes associated with hearing loss include psychological illnesses and higher utilization of health services. 3, 10 Fitting hearing aids can increase an individual's quality of life by increasing activities of daily living and instrumental activities of daily living and enhancing social interaction, and decrease economic burden by decreasing healthcare utilization. [12] [13] [14] Despite its multiple benefits, uptake of hearing aids in adults is relatively low, even in countries where hearing aids are freely available. 15, 16 The prevalence of hearing aid use was only 6.5% among adults with hearing loss in Germany, 16 which is close to that in China. 17 It is estimated that the global production of hearing aids is less than 10% of the unmet need for hearing aids. 18 Previous studies have investigated the demand for hearing aids from the perspective of both individuals and the product. [19] [20] [21] Population-based studies on hearing aid use suggested that individual sociodemographic characteristics and the degree of hearing loss were associated with hearing aids use. 17 Consumer preference studies identified performance, including effectiveness in noisy environments and quiet environments, as the most important attribute of hearing aids. 20, 21 However, most of these studies have been conducted in developed countries. In developing countries, where two-third people with moderate or greater hearing loss reside, accessibility to hearing aids is extremely low, especially in rural area. 22 What is the preference for hearing aid use among people with hearing loss in rural China, the world's largest developing county?
The main challenges of underuse of hearing aids in China are the lack of trained audiologists to provide rehabilitation, the absence of a supportive culture for hearing aid use and concern about the cost of hearing aid devices. [23] [24] [25] In China, audiology is a relatively new profession, with only a 10 to 20-year history, and there are only about 1200 audiologists to provide audiological services, primarily located in urban areas. 25 Chinese speakers do not seem to note a significant communication challenge until the hearing loss in the better ear reaches 40 dB HL or worse, and many Chinese older people view hearing loss as part of the aging process, which discourages any intervention. 24 In China, there is almost no social insurance coverage for hearing aids, and patients pay out-of-pocket for hearing device. 24, 26 With the implementation of "Guidance on Medical Rehabilitation for the 13th Five-Year Plan (2016)" and "Healthy China Initiative 2019 to 2030", investment in rehabilitation services is scheduled to increase dramatically, and knowledge of the factors that affect hearing aid preferences and willingness to pay (WTP) for hearing aids contributes to understanding these government initiatives.
Using discrete choice experiment (DCE), which is widely used in consumer preference studies, our study elicits the preferences for hearing aid attributes among rural Chinese adults with moderate or greater hearing loss and examines how preferences vary across individual socioeconomic characteristics. This study provides new information about individuals' preferences and WTP for hearing aids in rural areas in China, providing a reference point for other developing countries that are also suffering from the heavy burden of hearing loss and low accessibility to hearing aids.
Materials and Methods

Sampling and Participants
Using a stratified random sampling method, we selected two rural counties, Yishui and Feixian, in Shandong province, which we divided into a high (Yishui) and low (Feixian) income county based on their GDP per capita. We conducted a face-to-face interview using questionnaires. Based on a list provided by the local Disabled Persons' Federation, a government organization protecting the lawful rights and interests of all persons with disabilities in China, 100 rural residents with moderate or greater hearing loss in each county were randomly selected. Conducted in July 2019, 125 persons completed the survey with a response rate of 62.5%.
Discrete Choice Experiment
A discrete choice experiment (DCE) is a stated preference method that is widely used in health care to elicit preferences from participants without directly asking them to state their preferred options. [27] [28] [29] The method assumes that individual decisions regarding a hearing aid can be determined by the attributes or characteristics of the product, such as the cost, effectiveness, style and feedback (whistling). 28 These hearing aid attributes can be further specified by variants or levels of these attributes. For example, we specified the attribute of cost as RMB200 (USD29), RMB500 (USD71), RMB1000 (USD143). DCE presents participants with a reasonably straightforward task of making trade-offs between 2 or 3 competing hypothetical scenarios, each of which consists of a limited combination of these attributes/levels. 30 The data from DCE can then be used to quantify the relative weights of the product attributes, which are the revealed individual utilities or values placed on each attribute/ level. 29 The DCE method also produces the choice probability, or the mean uptake, for the hearing aid and marginal rates of substitution across attributes. 31 The DCE method can also be applied to obtain the WTP, or the maximum price a consumer will pay for a unit change in each non-monetary attribute of the hearing aid. 31 
Study Design
Based on previous studies 20, 21 and interviews with patients and experts, we selected eight hearing aid attributes and their levels. 27 Twenty-four choice questions were shown to sufficiently estimate all the main attributes. 31 To avoid lower response rate and/or lower response reliability caused by presenting a single individual with a large amount of choice sets, we used a blocked design which divided the 24 choice sets into three different versions of the questionnaire containing 8 choice sets each. 31 Each questionnaire started with a detailed description of the hearing aid attributes and their levels. The main part of each questionnaire comprised nine choice sets, with each question describing two alternative hearing aid scenarios in terms of the eight attributes and a no hearing aid option. Participants were then asked, "If you were actually offered the 2 hearing aids above, which would you prefer to choose?". According to Johnson and Orme rule of thumb, our sample meets the requirement of the minimum sample size. 32, 33 
Non-DCE Variables
We collected information on participants' sociodemographic characteristics and degrees of hearing loss. Sociodemographic variables consisted of sex (female or male), age (15-59 or 60 and above), spouse (yes or no), employment (employed or unemployed), income (RMB<10,000) or RMB≥10,000), education attainment (primary school or below or secondary school or higher) and social participation (0-1 or 2 and above). Social participation was measured by the number of engagements in leisure activities. Survey respondents were asked, "How many of 11 types of activities they participated in during the last month?", which was a multiple choice question including 11 activities: (1) interacted with friends; (2) played Mahjong, chess, cards or went to a community club; (3) provided help to family, friends, or neighbors; (4) went to a sports, social, or other kind of club; (5) took part in a community-related organization; (6) performed volunteer or charity work; (7) cared for a sick or disabled adult; (8) attended an educational or training course; (9) made stock investments; (10) used the Internet; and (11) others, with a dichotomous 0-1 or 2 and above social participation variable formed. The degree of hearing loss was assessed by pure tone audiometry, which was conducted in quiet rooms (ambient noise≤30 dBA) by a professional audiometric technician. According to the recommendation by the China's Disabled Persons' Federation and WHO criteria, both ears were tested separately at 0.5, 1, 2, and 4 kHz to obtain the hearing threshold on each frequency point. 22 Pure tone threshold averages in the better ear were calculated and formed into moderate to severe hearing loss (41-80 dB) or profound hearing loss (greater than 80 dB) dichotomous variable. 34 
Statistical Analyses
Descriptive statistics were used to analyze the non-DCE variables. We used a mixed logit model, with 500 Halton draws with normally distributed parameters, to estimate participants' preferences for hearing aid attributes. The mixed logit model allowed for attribute coefficients to be randomly distributed, and improves the fit of the model significantly over conditional logit modelling. 35 Each estimated coefficient is a preference weight and represents the relative contribution of the attribute level to the utility that respondents assign to an alternative. The monetary value for the hearing aid attributes, except the cost attribute, was calculated by the ratios between the coefficients of the outof-pocket costs with the coefficients of the other hearing aid attributes (such as style of hearing aids, effective in quiet settings, feedback, and so on). 31 Following previous studies, we also estimated the changes in the probability of individuals choosing a hearing aid with specified attributes. 31, 36, 37 These predictions are useful to policymakers as they show the predicted impact of alternative levels of hearing aid attributes on individuals' preferences.
We employed a set of models which included interaction between individuals' characteristics (including sex, age group, marital status, employment status, income, education attainment, social participation and the degree of hearing loss) and all attributes of the hearing aids to estimate the potential difference in preference between groups of individuals. A p-value of less than 0.05 was considered statistically significant. All statistical analyses were performed in STATA 15 (Stata Corp, College Station, TX, USA).
Results
Characteristics of Participants
As shown in Table 2 , 61.6% of participants were male, 52.8% were 60 years or above, 71.2% had a spouse, and 37.6% were unemployed. More than a half (54.4%) had household income above RMB10000; 37.6% had a secondary school diploma or higher; 46.4% of participants reported they engaged in less than two types of social activities during the last month; and 38.4% of the sample had hearing loss equal to or greater than 81 dB.
General Preference for Hearing Aids Table 3 shows the discrete choice model results for the general preferences for hearing aid attributes. The option of no hearing aid was chosen in 15% of the choice sets. Except style and connectivity, other attributes of hearing aids influenced individuals' preferences for hearing aid attributes (p < 0.05). The attribute with the greatest magnitude of association with hearing aid preference was effectiveness of hearing aid in noisy settings, followed by lack of feedback and effectiveness in quiet settings. As expected, subjects showed a negative preference for OOP costs. The estimated mean WTP for hearing aid attributes are shown in the third column of Table 3 . On average, individuals were willing to spend RMB4000 (USD571) in obtaining a hearing aid with more effectiveness in noisy settings than one with somewhat effectiveness. WTP for occasional feedback instead of frequent feedback was RMB3200 (USD457). Participants were willing to pay roughly RMB2000 (USD286) to get a hearing aid with more effectiveness in a quiet setting or with a longer battery life than one with somewhat effectiveness or a shorter battery life. WTP for somewhat water/sweat resistance instead of no water/sweat resistance was RMB1600 (USD229). An increase in effectiveness in noisy settings had a relatively large (8.7%) impact on the expected uptake and a decrease in frequency of feedback had a 6.9% impact on uptake. Table 4 presents the results of eight interaction models. Male, higher income or higher education individuals showed a greater preference for effectiveness in noisy settings than female, lower income or lower education individuals. OOP costs were more important to individuals who had a spouse or were unemployed than those with no spouse or employed, and less important to individuals who have more social activities than less social actives. In the canal (ITC) hearing aids were more important in the higher education group than lower education group, and less important in the profound hearing loss group than the moderate hearing loss group. Individuals with a spouse also showed higher preference for connectivity than individuals without a spouse. Battery life was less important in the higher education group.
Difference in Preference for Hearing Aids
Discussion
Our study used discrete choice experience to investigate the preferences for hearing aid attributes and their variations across individual characteristics for people with moderate or greater hearing loss. While OOP costs, effective in quiet settings, water/sweat resistance, and battery life were all significantly associated with choosing a hearing aid, our rural adults with moderate or greater hearing loss valued effectiveness in noisy settings above other attributes of hearing aids, followed closely by lack of feedback. OOP costs, ITC, effectiveness in noisy settings, connectivity and battery life showed significant differences across individual characteristics, except the age group. Almost half of the total utility of the hearing aids could be ascribed to their effectiveness, particularly in noisy settings. Our result showed that individuals valued the effectiveness of hearing aids in noisy settings as the most important attribute, which is consistent with previous studies in the US and Germany. 20, 21 Another feature of hearing aids, effectiveness in quiet settings, was ranked as the third most important factor in our study, but its contribution was only half of improved effectiveness in noisy settings. Existing studies have not yet reached a consensus on the relative importance of hearing aid effectiveness in quiet settings. A US study showed that the utility change from improved effectiveness in quiet settings was only one-third of the utility change of improved effectiveness in noisy settings which is close to our result, 21 but quiet-noisy settings were almost equal in German research. 20 The differences with the German results may be due to the different sociodemographic characteristics of the samples.
As expected, cost is also an important attribute of hearing aids in our sample. The effect of RMB4000 (USD571) reduction in cost, which is about one-third of annual consumption expenditure per capita in rural residents, was almost equal to the trade-off between more effective and somewhat effective hearing devices in a noisy setting. This means that theoretically, a RMB4000 (USD571) reduction in cost only increased hearing aid uptake by 8.7%. This implies that if a hearing aid with a price of RMB4000 (USD571) was provided free of charge, the uptake would only see a small increase. This finding fits well with those of previous studies that found the uptake of hearing aids was very low in countries where public funds are used to pay for them. 38 In addition, our participants were willing to pay less for hearing aids than respondents in the Bridges et al sample. 21 For example, individuals in our sample were willing to trade-off RMB4000 (USD571) in obtaining a hearing aid with more effectiveness in noisy settings than one with somewhat effectiveness, compared to RMB63000 (USD9000) trade-off in Bridges et al study. This may be due to the difference in the populations sampled, where the Bridges study sampled primarily wealthy, educated individuals whereas this study focused on rural residents with lower levels of education. In our study, feedback and water/sweat resistance were all significantly associated with choosing a hearing aid, which is also consistent with previous studies. 20, 21 However, there are some differences in the relative rankings of each attribute. Participants valued lack of feedback more than water resistance, which is contrary to prior findings. 21 In our sample, participants had greater degree of hearing loss than US respondents in Bridges et al's research, which means our participants required greater hearing aid gain. However, products with higher gain control settings are more likely to experience feedback, 39, 40 so subjects with greater degree of hearing loss may care more about feedback than one with somewhat less effectiveness.
Battery life was an important attribute in our study while it was not a significant predictor in previous studies. 21 Since hearing aid batteries are not a common battery type in China and the uptake of hearing aids tends to be very low in rural areas, hearing aid batteries are not readily available in most areas of rural China, and had to be ordered online or from a distant hearing aid store. In addition, replacing the battery is a relatively complex operation since its small size makes it difficult to operate, especially for older persons or patients with physical problems. 24 Further, batteries are the ongoing cost after paying for the hearing aid itself. For these reasons, rural individuals in China may weigh more on battery life compared to people living in urban areas or more developed countries. We also found that the style and connectivity were not significantly associated with choosing a hearing aid. All our participants had greater degree of hearing loss which needed high-gain hearing aids. Neither the style of in the ear (ITE) or ITC could easily meet this need. Compared with the Western literature, elderly Chinese had fewer cosmetic concerns about hearing aids, 23 which may reflect cultural differences between China and other countries. In addition, behind the ear (BTE) hearing aids have become smaller and decreased their visibility in recent years, 40 which may influence the attractiveness of ITE or ITC devices. Since rural residents usually had less demand for connections with smartphones and other devices, they were less concerned about connectivity. 41 To investigate how preferences may be affected by participants' characteristics, we analyzed interactions between individual characteristics and hearing aids attributes. We found that male, higher income and higher educated participants cared more about hearing aid effectiveness in noisy settings. This is likely attributable to the different communication behaviors of these participants in numerous different noisy surroundings. 20 Unemployed participants cared more about the hearing aid cost while unmarried or people with more social participations were less concerned about cost. Unemployed participants were likely to have a lower capacity to pay compared to employed participants. Previous research found that unmarried respondents have more intention to fit a hearing aid due to their desire to find a partner, 42 and participants with more social activities may have high demand for hearing aids than those with lower social interactions.
Individuals in the higher education subgroup valued the battery life less than others, probably because they were more likely to have higher accessibility to battery charging facilities. Participants with a spouse viewed connectivity more important than those without a spouse, which may be due to Chinese married couples spending more time watching TV. 43 In addition, participants in the higher education subgroup value ITC more than those in the low education group; and participants in the profound subgroup valued ITC less than other users. The size and style of the hearing aid had an influence on effectiveness, as well as the stigma, of wearing a hearing aid. 44, 45 The more visible the hearing aid, the more stigma, and the less visible, such as ITC hearing aids, the less effective. 46 In our sample, the higher education subgroup cared more about stigma, and the profound hearing loss subgroup cared more about effectiveness.
Our study has several limitations. First, we selected the most relevant attributes based on the literature and interviews with experts in the field of hearing aids, which is unable to include all attributes of hearing aid preferences. Second, our sample only contained participants with moderate or greater hearing loss in one rural area of China with a relatively small sample size, so the generalization of our findings needs to be confirmed by further studies, especially testing for different geographical, social and economic characteristics. Third, we did not consider the effect of knowledge of hearing aid attributes on the preference for hearing aids although we analyzed whether the preferences differ between different levels of socioeconomic status.
Despite these limitations, our study has several strengths. We believe this is the first study to estimate individuals' preferences for hearing aid attributes in rural areas of a developing country with low hearing aid accessibility. We also provide new information about individuals' preferences and WTP for hearing aids. Our findings verified that the low acquisition rate of hearing aids cannot simply be explained by the cost factors, but was determined by more complex decision-making process, particularly weight on hearing aid performance. Although the findings may be limited by the study's location and sample size, a direct policy implication is the priority of providing high-performance hearing aids with long battery life and low OOP cost, which will increase the uptake of hearing aids in rural China. Development of sufficient noise suppression and feedback cancellation systems are still the main technical challenges for the hearing aid industry. If the government or health insurance schedule could reimburse a larger proportion of the OOP costs of hearing aids or reduce the cost of hearing aids, there would be an improved rate of hearing aid purchase in rural China. In addition, improving the appearance and connectivity of hearing aids would increase the uptake of hearing aids among some specific subgroups.
Conclusions
Our findings support the fact that the effectiveness of hearing aids in noisy settings was the most important attribute in the preference for hearing aid attributes among individuals with moderate or greater hearing loss in rural China, followed by feedback, effectiveness in quiet settings, battery life, and water/sweat resistance. OOP cost was significantly associated with choosing a hearing aid. In addition, preferences and WTP for hearing aids were influenced by sex, marital status, employment, income, education, social participation and the severity of hearing loss.
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